Abstract The genotoxic and anti-genotoxic effects of Stachys petrokosmos leaf extracts (Sp) were investigated in human lymphocytes. The cells were treated with 1.5, 3.0 and 6.0 lL/mL concentrations of Sp leaf extracts for 24 and 48 h treatment periods in the absence and presence of metabolic activator (S9mix). In the absence of S9mix, Sp alone did not induce chromosome aberrations and formation of micronucleus while inducing the mean sister chromatid exchange at the highest concentration. In addition, Sp decreased the mutagenic effect of mitomycin-c. Sp alone showed a cytotoxic effect determined by a decrease in the proliferation index, mitotic index and nuclear division index. On the other hand a mixture of Sp and mitomycin-c resulted in a higher cytotoxic effect especially for 48 h treatment period. In the presence of S9mix, Sp was not genotoxic and cytotoxic however, it showed an anti-genotoxic effect by decreasing the effects of cyclophosphamide.
Introduction
Stachys petrokosmos (Sp) is one of the 450 species of the Stachys genus that is the largest genus in the flowering plants belonging to the Lamiaceae family. Sp is endemic in Turkey and it is a 5-10 cm long plant with bushes, flowering at spring and lives at 900-1,100 m, in rocky places of Turkey. The members of the Stachys genus have been used as a medicine for centuries because it contains useful substances such as alpha-and beta-phellandrene, elemol, betulinic acid, D-camphor, delphinidin, hyperoside, saponins, tannins, manganese, urcolic acid, apigenin, rosmarinic acid, oleanolic acid, chlorogenic acid, phenidon, naphthalene and Lavandulifolioside B (Delazar et al. 2005; Ivanova et al. 2009; Savic et al. 2010; Ali et al. 2010; Delazar et al. 2011 ). In addition, there are a lot of reports on substances characterized by GC-MS such as phenol, flavonoids, germacrene, stachysosides E-H, alpha and beta-pinene, iridoid glycoside and stachyssaponin which are specific to the Stachy genus (Lenherr et al. 1984; Sajjadi and Amiri 2007; Ahmad et al. 2008; Murata et al. 2008; Giuliani et al. 2009; Ozturk et al. 2009 ). Serbetci et al. (2010) reported that 63 compounds were identified in Stachys cretica subspecies and Cavar et al. (2010) also reported that more than 100 compounds were identified in three different samples of Stachys menthifolia Vis. collected from various natural habitats. These substances have been used in tea prepared from Stachys species for treatment of diarrhea, fevers, sore mouth and throat, internal bleeding, weaknesses of the liver and heart. In addition Hollman et al. (1996) reported that the herbal flavonoids contain anti-inflammatory, anti-mutagenic and anti-allergic activities. Couladis et al. (2003) reported that Stachys spruneri has an anti-oxidant activity against alpha-tocoferol. Stachys annula tea has been used for centuries against cancer (Aksoy et al. 1988) . Also, extract of this plant showed an antimutagenic effect against sodium azide in Salmonella typhimurium TA 100 strain (Karakaya and Kavas 1999) .
In contrast, the unconscious use of the plants in medicine could cause toxic (Qu et al. 1992; Chiang et al. 1997) , mutagenic or cancerogenic effects (Gurley et al. 2010; Háznagy-Radnai et al. 2008; Rencuzogullari et al. 2009; Buyukleyla and Rencuzogullari 2009; Kayraldiz et al. 2010; Kocaman et al. 2011 ). Azirak and Rencuzogullari (2008) also reported that thymol and carvacrol induced chromosomal abnormalities in bone marrow cells of rats.
To date these studies in the literature did not include the genotoxic and antigenotoxic effects of Stachys petrokosmos extract. Madle et al. (1993) reported that using human lymphocytes for the mutagenicity studies could explain the best results for humans. To consider the genotoxicity of substances, genotoxicity of them should be investigated in human lymphocytes (Madle et al. 1993) . Thus, the aim of the present study was to evaluate the genotoxic and anti-genotoxic effects of Sp extract by the in vitro test systems using human peripheral lymphocytes in the absence and presence of a metabolic activator.
Materials and methods
In the present study, Sp leaf extract was used as the test substance. The leaves of Sp were collected from Karaisali province of Adana, Turkey. The leaves were cut out from the base of the plant, cleaned and dried at room temperature. Five gr of plant leaves were extracted with 100 mL methanol kept in the ultrasonic water bath for 15 min. Then 100 mL methanol was added and the extract was kept in ultrasonic water bath for 15 min more. After this the extract was filtered and the methanol was evaporated. Ten mg extract was dissolved in 10 mL methanol to obtain the concentrations that were used in the present study.
The test without metabolic activator (-S9mix) The methods of Evans (1984) and Perry and Thompson (1984) were followed in the preparation of CA (chromosomal aberration) and SCE (sister chromatid exchanges) tests with minor modifications. This study was conducted according to guidelines of the International Programme on Chemical Safety (IPCS) (Albertini et al. 2000) .
Whole blood (0.2 mL) from two healthy donors (one male and one female, non-smokers, age: 20), was added to 2.5 mL chromosome medium B (Biochrom, F5023) supplemented with 10 lg/mL bromodeoxyuridine (Sigma, B5002). The cultures were incubated at 37°C for 72 h. The cells were treated with 1.5, 3.0 and 6.0 lL/ mL concentrations of methanol extract of Sp for 24 h (Sp was added 48 h after initiating the culture) and 48 h (Sp was added 24 h after initiating the culture). A negative control (untreated cultures) and a positive control (0.2 lg/mL mitomycin-C (MMC, Kyowa, Hakko, Japan)) were also used. The cells were exposed to colchicine (0.06 lg/mL, Sigma C9754) for 2 h before harvesting. The suspension was centrifuged for 10 min at 1200 rpm, and cells were resuspended in 0.4% KCl at 37°C for 5 min, and then fixed in cold methanol: glacial acetic acid (3:1) for 20 min at room temperature. The treatment with fixative was repeated three times. Then the cells were spread on glass slides and air-dried. The staining of air dried slides was performed following the standard method using 5% Giemsa stain for CA and modified fluorescence plus Giemsa method for SCE (Speit and Haupter, 1985) . The slides was irradiated with 30 W, 254 nm UV lamp at 15 cm distance in Sorensen buffer, then incubated with 19 SSC (standard saline citrate) at 60°C for 45-60 min and stained with 5% Giemsa prepared with Sorensen buffer.
The number of CA was obtained by calculating the percentage of metaphases from each concentration and treatment period that showed structural and/or numerical alterations. The CA was classified according to the ISCN (International System for Human Cytogenetic Nomenclature) (Paz-y-Miño et al. 2002) . Chromosome aberrations were evaluated in 100 well spread metaphases per donor (totally 200 metaphases per concentration). Gaps were not evaluated as CA according to Mace et al. (1978) . The scoring of SCE was carried out according to the IPCS guidelines (Albertini et al. 2000) . In order to score SCE, totally 50 s-division metaphases (25 cells per sample) were analyzed. The results were used to determine the mean number of SCE (SCE/cell). In addition, a total of 200 cells (100 cells from each donor) were scored for the proliferation index (PI). The mitotic index (MI) was also determined by scoring 3,000 cells from each donor. The MI explained the effects of the chemicals on G2 stage of the cell cycle, and the PI reflects the effects of chemicals on S and G2 stages of the cell cycles (Arslan et al. 2008) . The PI was calculated according to the formula as follows: PI = (M1 9 1) ? (M2 9 2) ? (M3 9 3)/total scored cells. M1, M2 and M3 are the fraction of cells undergoing the first, second and third mitosis during 72 h cell culture period.
For the analysis of micronucleus in binucleated lymphocytes, 0.2 mL of fresh blood was used to establish cultures. The cells were treated with 1. 5, 3.0 and 6.0 lL/mL concentrations of Sp alone and with MMC (0.2 lg/mL) for 24 and 48 h treatment periods.
Cytochalasin B (Sigma, C6762) was added at 44 h of incubation to a final concentration of 6 lg/mL to block cytokinesis. After the additional 24 h incubation at 37°C, cells were harvested by centrifugation and processed for micronucleus (MN) test in peripheral lymphocytes (Fenech 2000; Kirsch-Volders et al. 2003) . In all subjects, 2,000 binucleated lymphocytes were scored from each donor (4,000 binucleated cells were scored per concentration). For each donor, in total 1,000 viable cells were scored to determine the frequency of cells with 1, 2, 3 or 4 nuclei and calculate the NDI (nuclear division index) for cytotoxicity of Sp using the formula: NDI = (1 9 M1) ? (2 9 M2) ? (3 9 M3) ? (4 9 M4)/N; where M1-M4 represent the number of cells with one to four nuclei and N is the total number of viable cells scored (Fenech 2000) . The modified methods of Roncada et al. (2004) and Mendelsohn (1992) were used for evaluating anti-genotoxicity of the Sp. In the present study, mitomycin C was used as a mutagenic agent. To investigate the anti-genotoxic effect of Sp against the mutagenicity induced by MMC, the cultures were co-treated with 0.2 lg/mL of MMC and with different concentrations of the Sp for 24 and 48 h treatment times.
The test with metabolic activator (?S9mix)
The 3-methylcolanthrene induced rat liver microsomal fraction was used as the metabolic activator (S9mix) (Maron and Ames 1983) .
Albino male rats (Rattus norvegicus var. albinos) weighing 200 gr were pre-treated with 80 mg/kg concentration of 3-methylcholanthrene (dissolved in sunflower oil) for 5 days and the S9 fraction and S9mix were prepared following the procedure of Maron and Ames (1983) . The freshly prepared S9 fraction is distributed in 1 mL portions into small plastic tubes frozen immediately and stored at -80°C. The S9mix was prepared fresh for each mutagenicity assay. For preparation of S9mix, NADP (4 mM), glucose-6-phosphate (5 mM), MgCl 2 (8 mM), KCl (33 mM) and 6.2 mL phosphate buffer (0.2 mM) were completed to 18 mL with sterile bidistilled water supplemented with 2 mL of microsome fraction (S9). 0.5 mL of S9mix was used for each culture tube (0.5 mL S9mix/tube). 48 h after initiating the culture, the cells were treated with Sp and S9mix or with Sp? cyclophosphamide 
Results
According to Anova one-way analysis of variance the CA, the percentage of abnormal cell, the mean of SCE and the frequency of MN showed significance. However, the RI and the NDI did not significantly decreased following the Anova one-way analysis of variance for the 24 h treatment periods. For the 24 h treatment periods, only the MI significantly decreased except for the 48 h treatment periods all parameters decreased using one-way analysis of variance.
In the absence of S9mix, Sp did not induce structural CAs and an increase of the percentage of abnormal cells in all concentrations for the 24 and 48 h treatment periods except for the 3 lL/mL concentrations for the 48 h treatment (Table 1, Figs. 1, 2) . On the other hand Sp decreased the genotoxic effect of MMC by decreasing the CA and the percentage of abnormal cell for both treatment periods of 24 and 48 h. The percentage of abnormal celsl was decreased in a dose dependent manner in the cultures treated with Sp plus MMC for 24 h (r = 0.999, P \ 0.02). Sp alone increased the mean SCE at the highest concentration (6.0 lL/mL) for the 24 h treatment, also at the two highest concentrations (3.0 and 6.0 lL/mL) for the 48 h treatment periods in the absence of metabolic activator (S9mix) (Table 2, Fig. 3 ).
In the absence of metabolic activator, Sp did not induce the formation of micronucleus for the 24 and 48 h treatment periods (Table 3, Fig. 4 ). There were no scorable cells at the highest concentration of Sp alone and Sp?MMC at the 48 h treatment period for excessive toxicity.
In absence of S9mix, Sp alone decreased the PI at the highest concentration for the 24 and 48 h treatment periods (Table 4 , Fig. 5 ). In addition MI was decreased at the highest concentration for the 24 h and at all concentrations for the 48 h treatment periods. NDI was also decreased for both treatment periods (Table 4, Figs. 6, 7) . On the other hand Sp and MMC as a mixture showed a higher cytotoxic effect by decreasing the PI, MI and NDI especially for the 48 h treatment period. There was a dose-dependent effect of Sp alone on decreasing the NDI for the 24 and 48 h treatment periods (r = 0.994, P \ 0.04 and r = 0.997, P \ 0.03, respectively).
In the presence of S9mix, Sp alone or Sp?Cyp did not induce structural CA and did not increase the percentage of abnormal cell formation (Table 5 , Figs. 8, 9 ). Sp decreased the genotoxic effect of Cyp on CA without a statistical significance.
Sp alone did not increase the mean SCE, however, Sp significantly inhibited the effect of Cyp on mean Sp alone induced the formation of MN at the two highest concentrations when compared to the untreated control, but not to the solvent control. However, Sp?Cyp decreased the formation of MN at the highest concentration when compared to Cyp in the presence of S9mix (Table 7 , Fig. 8 ).
In the presence of S9mix, Sp alone and Sp?Cyp did not decrease the PI and NDI, however, showed a cytotoxic effect by decreasing the MI (Table 8 , Fig. 10 ). Sp decreased the MI at all concentrations except 3 lL/mL when compared to untreated and solvent controls.
Discussion
In the absence of S9mix, Sp alone did not induce CA and formation of micronucleus, while it induced the mean SCE at the highest concentration. On the other hand Sp decreased the mutagenic effect of MMC by decreasing the CA, SCE and MN at the two highest concentrations. In absence of S9mix, Sp alone showed a cytotoxic effect by decreasing the PI, MI and NDI at the highest concentration. On the other hand Sp?MMC showed a higher cytotoxic effect especially for the 48 h treatment period. In the presence of S9mix, it was observed that Sp was not genotoxic and cytotoxic however, it had an anti-genotoxic effect by decreasing the effects of cyclophosphamide on SCE and MN frequency.
According to these results it can be concluded that Sp was not genotoxic and cytotoxic. In addition, Sp showed anti-genotoxic effects by decreasing the genotoxic effects of known mutagens (MMC and Cyp) in the absence and presence of S9mix. Hollman et al. (1996) reported that the plant flavonoids had anti-inflammatory, anti-mutagenic and anti-allergic effects. However, adverse effects such as mutation, cancer, gastric problems and inflammatory disorders for some plant oils were reported (Qu et al. 1992; Chiang et al. 1997; Gurley et al. 2010 ).
There were a lot of reports for the medicinal use of extracts obtained from various Stachys species. Aksoy et al. (1988) reported that Stachys annula was used as a herbal tea for anti-cancer effects in Anatolia and that this tea contains glycosides, saponins and essential oils. Also, it has been reported that S. annula decreased the mutagenic effects of sodium azide in Salmonella typhimurium TA100 strain (Karakaya and Kavas 1999). Couladis et al. (2003) reported that Stachy spruneri has anti-oxidant effects against a-tocoferol. In addition there were a lot of reports on anti-mutagenic, anti-genotoxic, apoptotic and antiproliferative effects of Stachy spp (Basaran et al. 1996; Amirghofran et al. 2006; Amirghofran et al. 2007 ). Kukic et al. (2006) and Tepe et al. (2011) reported that five endemic Stachys species (S. anisochila, S. beckeana, S. plumosa, S. alpina ssp. Dinarica and S. iberica) had strong anti-oxidant effects. All these reports indicate that a lot of Stachys species have anti-genotoxic, anti-cancerogenic and anti-oxidative effects. The test material of the present study, Sp methanol extract did not only show genotoxic effects but also showed an anti-genotoxic effect in the presence and absence of metabolic activator S9mix. Flavonoids and glycosides with other substances like germacrene, stachysoosides E-H, pinene, iridoid glycoside and stachyssaponin were found in the extracts of Stachys species according to GC-MS analyzing method (Lenherr et al. 1984; Sajjadi and Amiri 2007; Ahmad et al. 2008; Murata et al. 2008; Giuliani et al. 2009; Ozturk et al. 2009 ). In addition, there are a lot of substances specified to Stachys species such as chlorogenic asit, phenidon, naphthalene, betulinic-acid, D-camphor, delphinidin, hyperoside, manganese, oleanolic acid, rosmarinic acid, urcolic acid, apigenin and tannin (Delazar et al. 2005; Ivanova et al. 2009; Savic et al. 2010) . However, the contents of Stachys petrokosmos leaf extract are not reported. The anti-genotoxic effect of Sp in the presence of S9mix was higher than the effect of Sp in the absence of S9mix. In presence of S9mix Sp decreased the genotoxic effects of Cyp and showed an anti-genotoxic effect. It could be suggested that the high antigenotoxic effect of Sp in the presence of S9mix was caused by the metabolites of the Stachys extracts. This is because there are a lot of data about the antigenotoxic, anti-cancerogenic and anti-allergic effects of Stachys species from in vivo and in vitro studies (Basaran et al. 1996; Shin 2004; Delazar et al. 2005; Kukic et al. 2006; Amirghofran et al. 2006; Amirghofran et al. 2007; Haznagy-Radnai et al. 2008) . It is reported that the anti-oxidant effects of Stachys species arose from the radical scavenger substances acetyl flavonoids and polyphenols (Hollman et al. 1996; Delazar et al. 2005; Kukic et al. 2006) . Sowjanya et al. (2009) reported that in the liver Cyp was metabolized to active alkylation substances, acrolein and phosphoramid by liver microsome oxydase. At higher doses Cyp formed high mutations by these alkylation substances and caused a cytotoxic effect. Because of this Cyp is used as anti-cancer drug at higher concentrations while Cyp is mutagenic at lower concentrations.
There are a lot of natural compounds preventing toxicity of chemicals and decreasing the cancerogenic effect of them (Milner 2001; Madhavi et al. 2007 ). In the present study, Sp decreased not only the cytotoxic but also the genotoxic effects of Cyp. According to recent reports, it could be suggested that Sp leaf extracts decreased the effect of Cyp on chromosomal abnormalities because of its free radical scavenger capability. The radical scavenger substances also induced the synthesis of cytochrom P450 and anti-oxidant enzymes, stimulated the DNA repair mechanisms and they prevented mutations by prevention the DNA double-strand crosswise bounding of DNA (Bianchini and Vainio 2001; Khanum et al. 2004; Sowjanya et al. 2009 ). Amirghofran et al. (2007) reported that Stachys species extracts are capable of inhibiting cancer by inducing apoptosis. These reports explain the anti-genotoxicities of Stachys petrokosmos and the other Stachys species and support the results from this study.
In absence of S9mix, Sp alone showed a cytotoxic effect by decreasing the PI, MI and NDI at the highest concentration. However, in the presence of S9mix, Sp was not cytotoxic. It was reported that Stachys species had an anti-proliferative effect because of their antioxidant enzymes (Amirghofran et al. 2007; HaznagyRadnai et al. 2008) . Thus, it can be suggested that Sp protected the cells and especially in the presence of S9mix, decreased the cytotoxicity of Cyp on the cell.
Conclusion
In conclusion, from the previous studies it was clearly understood that the anti-oxidant substances of Stachys species have a medicinal use and protect cells from the action of mutagens. Sp the material of the present study showed an anti-genotoxic effect and decreased the genotoxicity of the known mutagen Cyp. 
